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ABSTRACT
Introduction  Non-pharmacological interventions, 
including musculoskeletal manipulations (MMs), have been 
proven effective for musculoskeletal disorders.
Objectives  To evaluate if MMs, including osteopathic 
manipulation and chiropractic care, are effective to 
improve quality of life, pain intensity and function in older 
adults with musculoskeletal disorders.
Design  Systematic review.
Data sources  A systematic search was conducted on 
MEDLINE/PubMed, EMBASE, Scopus, Web of Science, 
CINAHL, Cochrane Library, from database inception up to 2 
January 2025.
Eligibility criteria  Randomised controlled trials, 
controlled non-randomised trials and open label trials 
evaluating the efficacy and safety of MM such as 
osteopathic manipulation, chiropractic manipulation, 
myofascial release, craniosacral therapy, as monotherapy 
or adjunctive therapies in older people (age ≥65 years) 
with musculoskeletal disorders. The main outcomes 
included pain intensity, functionality and quality of life. 
Additionally, other related outcomes were considered, such 
as medical use duration, mood, mobility, motion, strength 
and endurance. Finally, we considered any adverse events.
Data extraction and synthesis  Selection and data 
extraction were performed independently by two authors. 
The effect estimates for each study were performed 
using Review Manager V.5.14. Continuous outcomes 
were analysed using the mean difference (95% CI). 
The methodological quality of the included studies was 
assessed using the Cochrane Risk of Bias tool 2 (RoB 2). 
No meta-analysis was performed.
Results  Five parallel randomised controlled trials were 
included, with a total sample size of 676 participants 
(41.6% women with a mean age of 77.3 years): 34 with 
chronic pain, 265 with neck pain and 377 with low back 
pain. MMs were not effective in patients with chronic pain, 
neither in pain intensity nor in functionality. For neck pain, 
considering the main outcomes, only in one of the two 
studies was there a statistically significant improvement in 
neck pain intensity only at week 12 for spinal manipulative 
treatment (SMT)+home exercise (HE) compared with HE 
alone (ES=–0.90 (95% CI –1.46 to –0.34); p=0.002). 
For low back pain, SMT+HE showed a statistically 
significant reduction in pain at 12 weeks compared with 
HE (ES=−0.79 (95% CI −1.39 to –0.19) p=0.010. For 

neck pain and low back pain, no statistically significant 
improvement in functional status and quality of life was 
observed with MM compared with any control group. RoB 
2 showed a high risk of bias in three studies and some 
concerns in the others. At the domain level, the lowest risk 
was observed in the randomisation process (80% with 
some concerns). All five studies reported adverse events, 
none of which were serious.
Conclusions  This review provides limited and 
inconclusive evidence about MM to improve quality of life, 
pain management and functional status in older adults 
with musculoskeletal disorders. However, MM appears to 
be generally safe and well-tolerated.
PROSPERO registration number  CRD42023473203.

INTRODUCTION
Life expectancy has increased worldwide, 
with most of the people expected to reach 
their 60s and beyond. By 2030, one in six 
people globally will be aged 60 or older, with 
this age group projected to increase from 1 
billion in 2020 to 1.4 billion. By 2050, the 
number of individuals aged 60 and above will 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The systematic review involved a rigorous literature 
search using well-established databases, ensuring 
a representative assessment of musculoskeletal 
manipulations for older adults.

	⇒ Eligibility criteria included randomised controlled tri-
als, controlled non-randomised trials and open-label 
trials focusing on older adults with musculoskeletal 
conditions.

	⇒ The quality of evidence from the included studies 
was evaluated using V.2 of the Cochrane Risk of Bias 
tool for randomised trials.

	⇒ Due to the considerable heterogeneity between 
studies, meta-analysis was neither possible nor 
appropriate.

	⇒ The evidence from the trials remains inconclusive 
regarding the benefits of musculoskeletal ma-
nipulations for older adults with musculoskeletal 
disorders.
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have doubled to 2.1 billion, while those aged 80 and older 
are expected to triple, reaching 426 million.1 2 Ageing is a 
natural biological process marked by a gradual, irrevers-
ible decline in physical function across all organ systems, 
resulting from the accumulation of damage caused by 
various stressors.3

Older adults commonly face a variety of health issues, 
including hearing loss, cataracts, chronic obstructive 
pulmonary disease, diabetes, depression and dementia, 
with many experiencing multiple conditions simultane-
ously.4 Musculoskeletal disorders are a major concern in 
this age group, severely affecting their quality of life and 
overall health. Over 50% of individuals aged 65 and older 
suffer from conditions such as osteoarthritis, rheumatoid 
arthritis and musculoskeletal pain, which lead to reduced 
mobility, increased disability and greater dependence on 
healthcare services.5–8 Musculoskeletal pain is highly prev-
alent among the elderly, affecting between 65% and 85%, 
with 36–70% of this population experiencing back pain.9 
A systematic review published in 2019 found that the prev-
alence of low back pain among older adults ranges from 
21% to 75%, with 60% of the studies indicating that this 
condition results in functional disability.10 Musculoskel-
etal disorders are the leading cause of chronic pain in this 
population, accounting for nearly 50% of all chronic pain 
cases. Furthermore, chronic pain impacts mobility and 
daily activities, contributing to dependence, social isola-
tion and a higher risk of complications, such as falls.11 12 
Additionally, medical treatments for pain have been esti-
mated to cost the USA about US$300 billion annually, 
and this burden continues to increase.13

The growing prevalence of multiple chronic condi-
tions among older adults is a significant concern, as 
these conditions are often managed with numerous 
medications.14 This practice of polypharmacy increases 
the risk of adverse drug effects and drug-disease interac-
tions, while heightening the likelihood of falls and frailty, 
too.15–17 Given the risks associated with polypharmacy, 
non-pharmacological interventions are gaining traction 
to address some of the older patients’ medical needs.18

In primary care, the patient management often starts 
with a general practitioner’s assessment, though phys-
iotherapists also play a key role, either conducting eval-
uations or providing treatment post-referral. Their 
approach focuses on restoring function through lifestyle 
guidance, ergonomics, exercise, manual therapy and non-
pharmaceutical pain relief.19 Techniques like massage 
and soft tissue manipulation help to improve muscle 
function, reduce pain and enhance the parasympathetic 
response, alleviating anxiety and stress, both crucial in 
pain management.20 21 Similarly, musculoskeletal manip-
ulations (MMs)—including chiropractic and osteopathic 
treatments—also include soft tissue treatments especially 
in the initial phase of treatment, and are effective non-
pharmacological options for musculoskeletal disorders, 
particularly low back pain.22–25

In the older population, the use of MM shows that 
osteopathic manipulation is broadly applied for both 

musculoskeletal and systemic conditions.26 Regarding 
chiropractic manipulation, it has been found to be effec-
tive over the long term, with older adults reporting better 
quality of life and higher satisfaction with their treatment 
compared with those relying on long-term prescription 
medications for low back pain.27

As shown by Hawk et al, elderly people need an evidence-
based approach for the management of their musculo-
skeletal problems, and spinal manipulative treatments 
represent a reasonable compromise in this complex 
population.28

Previous reviews, particularly those focusing on inter-
ventions such as MM, have primarily included studies 
with mixed populations, often combining subacute 
and chronic cases. Furthermore, many of these studies 
included subjects predominantly between 55 and 65 years 
of age, a group that may not fully represent the broader 
elderly population. As a result, there is a significant gap 
in understanding the efficacy and safety of MM in older 
adults. This is particularly concerning since ageing is 
associated with structural changes, such as osteophytes, 
spondylosis, cartilage degeneration and multiple comor-
bidities, which may influence both the risks and benefits 
of MM. Despite the high prevalence of musculoskeletal 
conditions in this population, like chronic neck pain and 
low back pain, the effects of MM in these cases remain 
insufficiently explored.

Second, other forms of spinal manipulative treatment, 
such as osteopathic intervention, were not included.29 By 
addressing these limitations, our review aims to provide 
a clearer assessment of the benefits and risks of MMs, 
including osteopathic and chiropractic treatments, 
whether used alone or as an adjunct. Specifically, we eval-
uate their effects on quality of life, pain relief, functional 
improvement and safety in older adults with musculoskel-
etal disorders, taking into account their unique physio-
logical vulnerabilities.

METHODS
A systematic review was performed in accordance with 
the methodological guidelines from the Cochrane Hand-
book for Systematic Reviews30 and reported according to 
the Preferred Reporting Items for Systematic Review and 
Meta-Analyses statement and checklist (online supple-
mental appendices 3 and 4).31 32

The protocol of this review was registered in the Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO) by 02/23/25 with registration number 
CRD42023473203 https://www.crd.york.ac.uk/PROS-
PERO/view/CRD42023473203 (there were amendments 
to the protocol regarding name of the intervention, solely 
aimed at providing a more precise definition).

The systematic review considered studies that meet the 
following criteria. (1) Population: older people (age ≥65 
years) with musculoskeletal disorders, more specifically 
osteoarthritis, arthritis, musculoskeletal disease, osteopo-
rosis, back pain (neck pain, lower back pain) confirmed 
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by validated diagnostic criteria. Primary studies with 
participants suffering from severe cognitive impair-
ment, drug allergies, other psychiatric problems or other 
serious illnesses such as cancer, liver disease or kidney 
disease were excluded. (2) Intervention: MMs such as 
osteopathic manipulative treatment, chiropractic manip-
ulation, myofascial release and, craniosacral therapy, as 
monotherapy or adjunctive therapies were included. 
Acupuncture, reflexology and any other complemen-
tary therapies were excluded. (3) Comparator: no inter-
vention, routine care, usual care (UC), sham therapy, 
exercise, etc. Studies comparing two MMs or the same 
intervention with a different approach were excluded. 
(4) Outcomes: pain intensity, functionality and quality of 
life were the main outcomes considered in this systematic 
review, whether they were primary or secondary outcomes 
in the retrieved studies. Regarding the measurement, 
they could have been assessed with different scales, such 
as Visual Analogue Scale (VAS), Numerical Rating Scale 
(NRS) and Pain Disability Index for pain, Roland Morris 
Disability Questionnaire, Neck Disability Index (NDI), 
Oswestry Disability Index (ODI) and Berg Balance Scale 
for functionality, and Short Form 12-item Health Survey 
(SF-12) or Short Form 36-item Health Survey (SF-36) for 
quality of life. Additionally, other related outcomes were 
considered, such as medical use duration, mood measured 
with the Disability Anxiety or Stress Scale or the Geriatric 
Depression Scale, and mobility, motion, strength and 
endurance evaluated using the Timed Up and Go test, the 
step test and the four-square step test. Finally, we consid-
ered any adverse events (AEs) measured by incidence and 
severity of adverse effects (or side effects) such as pain 
or discomfort, exacerbations of the symptoms, reduc-
tion of autonomy or functionality. Studies that had eval-
uated cost-effectiveness and included clinical outcomes 
were considered for inclusion. Studies were excluded 
if the outcomes of interest had not been measured. (5) 
Study design: randomised controlled trials (RCTs), either 
monocentric or multicentric with a parallel, crossover or 
factorial design, controlled non-randomised trials, and 
open label trials in any setting were included. Systematic 
reviews, observational studies, case reports and expert 
opinions were excluded.

Data source
The present systematic review used a literature search 
of electronic databases, including MEDLINE/PubMed, 
EMBASE, Scopus, Web of Science, Cumulative Index 
to Nursing and Allied Health Literature (CINAHL), 
Cochrane Library, from their inception to the 28 
February 2023. To identify additional studies, a search 
was carried out by searching the reference lists of publi-
cations eligible for full-text review and setting up email 
alerts for references citing the included studies. Finally, 
an update of the database search was performed on 2 
January 2025.

Search strategy
The keywords included ‘chronic neck pain’, ‘muscu-
loskeletal disorder’, ‘arthritis’, ‘craniosacral’, ‘spinal 
manipulation’, ‘osteopathic medicine’, ‘chiropractic 
manipulative therapy’. No limits and restrictions (eg, 
language and study design) and search filters were used. 
Full searching strategies for each database are shown in 
the online supplemental appendix 1 (table S1).

Data collection and analysis
Selection of studies
The records were imported from the databases into 
Rayyan software, and two authors (IB and FB) inde-
pendently screened titles and abstracts of all the retrieved 
articles. Any abstract potentially eligible by at least one 
author was read in full text to decide on its eligibility. In 
case of disagreement, consensus was reached by discus-
sion and, if necessary, a third review author (DB) was 
consulted to make the final decision.

Data extraction and management
Two review authors (DB and MP) independently 
extracted data on the characteristics of the studies using a 
predefined data extraction form in an Excel spreadsheet. 
Extracted data were compared, with any discrepancies 
being solved through discussion.

Study characteristics
From each study, the following data were collected: first 
author, year of publication, country, study design, condi-
tions, inclusion criteria, sample size for each harm and 
drop-out, mean age, percentage of female, intervention, 
outcomes, AEs and funding. A second data extraction 
form was used for characteristics of the intervention 
(setting, type, duration, dose, timing and who delivered 
the intervention for each harm).

Outcome data
With regards to the outcome measures, the authors 
extracted the number of participants and data from the 
results of each outcome whether they were primary or 
secondary outcomes in the retrieved studies. For all the 
measures, the authors extracted data from the end of 
intervention and all the reported follow-up points. For 
the AEs outcomes, the number of withdrawals due to any 
AEs, and the number of AEs on each intervention in each 
treatment period (when possible) were extracted.

Assessment of risk of bias
Five review authors (DB, FB, LC, LV and MP) inde-
pendently assessed the risk of bias of each included 
study using version 2 of the Cochrane Risk of Bias tool 
for randomised trials (RoB 2).33 To implement the RoB 2 
assessment, the Excel tool was used.

RoB 2 was applied to each included study to assess 
the five domains of bias focusing on different aspects of 
trial design, conduct and reporting: (1) randomisation 
process; (2) deviations from intended interventions; (3) 
missing outcome data; (4) measurement of the outcome; 
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and (5) selection of the reported result. Each domain was 
judged as being at low risk of bias, some concerns, high 
risk of bias and reported information and justifications 
for the judgements of the risk of bias. Any discrepancies 
in the judgements were solved by discussion between the 
five authors.

An overall risk of bias of each included study was 
reached according to the following criteria:

	► Low risk of bias: low risk of bias for all domains.
	► Some concerns: some concerns in at least one domain, 

but not at high risk of bias for any domain.
	► High risk of bias: high risk of bias in at least one 

domain or some concerns for multiple domains in a 
way that substantially lowers confidence in the result.

To assess the inter-rater reliability, Fleiss’ Kappa (κ) was 
calculated to evaluate the reliability of the ratings before 
any consensus was reached. The inter-rater reliability was 
interpreted based on the following scale: a κ>0.8 indicates 
an almost perfect level of agreement; κ>0.6 represents a 
substantial level of agreement; κ>0.4 indicates a moderate 
level of agreement; κ>0.2 signifies a fair level of agree-
ment; κ>0 suggests a slight level of agreement; and κ<0 
indicates no agreement. Disagreements regarding the 
risk of bias (RoB) assessment were resolved by consensus 
between the five reviewers.34

Data synthesis and effect measures
For each study—when possible—data were descriptively 
summarised and reported with mean and SD and mean 
and 95% CI for continuous variables or with percent-
ages for categorical variables. Two authors (DB and FB) 
performed the effect measure for each individual study 
using Review Manager V.5.14 (The Nordic Cochrane 
Centre). Data for continuous outcomes were analysed 
using the mean difference (95% CI). In case of insuf-
ficient amount of data, it was planned to contact the 
authors. Whenever the data were still insufficient due to 
a lack of responses, the results were presented narratively.

According to the protocol, we would have performed a 
meta-analysis only when at minimum two RCTs had had 
similar PICO (Population, Intervention, Comparison, 
Outcome) parameters. When this condition could not 
be fulfilled—such as for this systematic review—the meta-
analysis could not be run. In response to peer-reviewer 
requests, to improve results interpretation, we reported 
the minimum clinically important difference (MCID) for 
the main outcomes of the different studies. For pain, an 
MCID was considered for follow-ups <3 months and >3 
months, for both chronic neck pain and chronic low back 
pain, using the different NRS and VAS scales. The MCID 
was 3.1 for <3 months and 2.5 for >3 months, on a 0–10 
scale.35 For functionality in neck pain, we considered 
the NDI MCID score as 5.536 37 and for quality of life was 
considered the SF-36 MCID score as 5.1 for the physical 
component and 4.0 for the mental component,36 while 
for SF-12 was considered 3.3 for the physical component 
and 3.8 for the mental component.36 For functionality in 
low back pain, we considered the ODI MCID score as 8 

and for quality of life, the SF-36 MCID score as 5.0 for 
the physical component and 3.6 for the mental compo-
nent.36 37

RESULTS
Study selection
The research performed in six databases identified 8822 
records, of which 2971 were duplicates. Therefore, 5851 
records were screened by reading title and abstract. 5759 
records were excluded, thus having 92 reports to search 
for retrieval. One of these was not available38 while 86 
records were excluded with reasons online supplemental 
appendix 1 (table S2).

Finally, five studies met the eligibility criteria and were 
included (see figure 1).

Study characteristics
All included studies were parallel RCTs, of which three 
had three arms39–41 and the remaining two arms.42 43 
Among the five studies, one was a pilot RCT41 and another 
was a feasibility trial.42

The nature of the experimental intervention was the 
chiropractic treatment supported with physical exercise 
or advice, which varied for type of techniques, number 
of sessions and frequency among the studies. Kendall et 
al42 combined the manual therapy with an instrument-
assisted manipulation called Activator II. In the other 
studies39–41 43 the clinicians selected and delivered the 
therapies according to the patient’s conditions. The dura-
tion of the treatment period ranged from 4 to 12 weeks; 
the number of sessions varied between 4 and 20, lasting 
10–20 min.

As far as the control groups, one study43 applied a 
detuned ultrasound (DU) and another one42 used a 
sham intervention. On the contrary, the other three 
trials39–41 conducted alone or supervised physical exer-
cises; moreover, in addition to the exercise group, Hawk 
et al41 provided an extended schedule of chiropractic 
techniques. Among the studies, the number of sessions, 
frequency and duration of the control interventions are 
too heterogeneous to allow a global summary.

The main outcomes considered in this systematic 
review are self-reported pain intensity, functionality and 
quality of life, with the additional focus on other related 
outcomes and AEs.

The thorough sample size was 676 participants, 
including 41.6% of women with a mean age of 77.3 (6.26) 
years. A total of 83 dropouts occurred, with a minimum 
of 8.3%40 42 and the maximum of 26.5%.41 Considering 
the type of pain, there were 34 patients with chronic pain 
condition, 265 with neck pain and 377 with low back pain. 
For further information see tables 1 and 2.

Risk of bias in studies
In this systematic review, the RoB 2 was used for the 
assessment of the methodological quality of the included 
studies. The inter-rater reliability for the risk of bias was 
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determined to be substantial, with a Fleiss’ Kappa of 0.67 
(95% CI 0.34 to 0.99). None of them had a low risk of 
bias; 3 (60%) studies showed a high risk of bias40–42 while 
the other 40% had some concerns39 43 (see figures 2 and 
3).

Regarding bias arising from the randomisation process, 
4 (80%) studies presented a low risk of bias39 40 42 43 and 
only Hawk et al41 (20%) was judged with a high risk 
because, although the randomisation method was correct, 
they did not provide any information about allocation 
concealment. Furthermore, the groups at baseline were 
unbalanced in terms of both the number of participants 
and their characteristics.

In terms of bias due to deviations from intended inter-
ventions, due to the nature of the manual interventions, 
it was impossible to blind those delivering the treatments; 
however, 3 (60%) studies showed a low risk of bias.39 41 43 
Only 1 (20%) study42 could blind the participants but was 
judged with some concerns because the authors did not 
use the intention to treat analysis. Schulz et al40 (20%) 

used the correct analysis but had deviations from the 
interventions, particularly in the experimental group, so 
it was judged with high risk of bias. Concerning bias due 
to missing outcome data, all studies had dropouts, but 3 
(60%) used analysis methods that corrected for bias,39 40 43 
while the other 2 (40%) studies41 42 were assessed with 
some concerns. Regarding bias in the measurement of the 
outcome, all studies used participant-reported outcomes; 
however, only 1 (20%) study blinded the participants, 
thus having a low risk of bias.42 Due to the nature of the 
outcome measurement and the lack of blinding for the 
participants, the other 4 (80%) studies were considered 
with some concerns.39–41 43

Finally, with regard to bias in the selection of reported 
results, 3 (60%) studies followed their prespecified anal-
ysis plan and were evaluated with low risk of bias.39 40 43 
Kendall et al (20%) had a high risk of bias due to the 
incongruencies with its protocol, such as planning to use 
inferential statistical analysis but only showing descrip-
tive statistics.42 Hawk et al (20%) did not provide any 

Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
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information about its protocol, so it was assessed with 
some concerns.41

Results of individual studies
Due to the substantial differences in PICO parameters 
across the included studies, a meta-analysis could not 
be performed. Consequently, the results and effect size 
estimates for the main outcomes—pain intensity, func-
tionality and quality of life—were reported individually 
whenever possible. Four studies39 40 42 43 provided suffi-
cient data for this analysis, while one study41 could only 
be described narratively due to limited data availability. 
Further details can be found in online supplemental 
appendix 2.

Neck pain condition
Maiers et al39 assessed neck pain intensity with NRS-11 at 
12, 26 and 52 weeks, resulting in a statistically significant 
improvement only at week 12 for spinal manipulative 
treatment (SMT)+home exercise (HE) compared with 
HE alone (ES=–0.90 (95% CI –1.46 to –0.34); p=0.002). 
Among the other related outcomes, satisfaction with 
care at 12 and 26 weeks and global improvement at 12, 
26 and 52 weeks showed statistically significant improve-
ment. When comparing SMT+HE versus supervised 
rehabilitative exercise+HE statistically significant results 
were reported only for duration of medication use at 52 
weeks.39

All the other outcomes were not statistically significant. 
Despite the statistically significant improvement in pain 
intensity observed the MCID for pain was not reached, 
nor was it reached for the other outcomes assessed in the 
study.

Also, Kendall et al42 took into consideration the neck 
pain condition treated with the chiropractic intervention 
compared with sham. The authors had not performed any 
inferential statistics, reporting only mean and SD, never-
theless we could use the provided data to calculate the 
effect estimates for pain intensity, as well as quality of life. 
However, none of the results were statistically significant 
at 5 weeks (1 week after 4-week intervention). Regarding 
the MCID, the results for the various outcomes do not 
show a clinically important difference.

Low back pain condition
Two studies recruited patients with low back pain.40 43 In 
Schulz et al40 statistically significant pain reduction at 12 
weeks was observed only in the SMT+HEP versus HEP 
(ES=−0.79 (95% CI −1.39 to –0.19); p=0.010). No signif-
icant differences were found between the SMT+HEP 
group compared with HEP and for SMT+HEP compared 
with SEP+HEP group, for pain reduction at other time 
points or for functional status and quality of life.

Similarly, Dougherty et al43 assessed pain intensity, func-
tional status and quality of life at 5 and 12-week follow-up 

Figure 2  Risk of bias assessment graph of the included studies: traffic light plot.

Figure 3  Risk of bias assessment graph of the included studies: summary plot.
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with not statistically significant results for SMT compared 
with the DU. Consistent with the MCID assessment, the 
results do not demonstrate a clinically meaningful differ-
ence across each of the outcomes evaluated.

Chronic pain
Only one study41 considered patients with a condition 
of chronic pain associated with dizziness comparing the 
effect of SMT to HE. For none of the outcomes were 
the results statistically significant. Finally, it has not been 
possible to provide the effect estimate and its precision 
as the authors had not provided enough data in their 
study and did not reply when contacted. Evaluation of the 
MCID was not feasible owing to insufficient data.

Adverse events
The cervical area is the most investigated region in studies 
on serious AEs and the riskiest in high velocity low ampli-
tude techniques.44–46 In the analysed studies and, espe-
cially in the elderly population, these types of techniques 
are less indicated.47 All the included studies reported 
information about AEs and, despite this risk, only one 
study40 showed six serious AEs (four in SMT group and 
two in HEP group) during the trial that were all deter-
mined to be unrelated to study interventions.

The other four studies reported no serious treatment-
related AEs, except for Maiers et al39 that reported one 
patient with a fracture of the radius during supervised 
exercises. Other patients declared mild AEs including 
aggravation of neck symptoms, muscle soreness, lower 
and upper extremity joint pain, back pain and stiffness.

Hawk et al41 reported lightheadedness, stiffness, joint 
popping sound in three patients allocated in the study 
group, but none lasted longer than 24 hours.

Dougherty et al43 reported a higher frequency of mild 
to moderate AEs in the study group (56%) than the sham 
group (44%), all related to musculoskeletal soreness.

Kendall et al42 informed that 27% of patients reported 
mild AEs (four in chiropractic group and two in sham 
group) as increased neck pain, headache and mid-back 
pain. MMs are proven to be mostly safe and suitable for 
the elderly population. Details of the effect estimate and 
MCID for the main outcome of each study are reported 
in table 3. Forest plots of effect estimates for all outcomes 
(main and other related outcomes) are reported in 
online supplemental appendix 2.

DISCUSSION
This systematic review examines the controversial find-
ings on pain and disability outcomes in older adults 
with musculoskeletal disorders—such as neck pain, low 
back pain and chronic pain—treated with chiropractic 
care. First, Maiers et al39 reported a statistically signifi-
cant improvement in neck pain intensity at 12 weeks in 
patients receiving SMT combined with HE compared 
with HE alone. Additionally, patient satisfaction with care 
and global improvement were also significantly enhanced 

across multiple time points in this study. Second, Schulz 
et al40 demonstrated a statistically significant reduction 
in low back pain intensity at 12 weeks post-intervention 
in patients treated with SMT+HEP compared with HEP 
alone. Although two studies reported significant pain 
intensity improvements, statistically significant changes in 
functional status and quality of life were not consistently 
observed across all studies in any time points reported.39–41 
Moreover, no clinically relevant reductions were noted in 
any outcomes analysed based on the MCID, though these 
findings should be interpreted cautiously due to patient 
variability and frequent comorbidities.

Non-specific musculoskeletal pain in the elderly pres-
ents challenges in managing polypharmacy.48 Literature 
reviews confirm that low back and neck pain significantly 
impact quality of life, independence and social participa-
tion,49 highlighting the need for non-pharmacological 
treatment options.

Systematic reviews suggest that MM and exercise are 
effective for chronic low back pain.50 51 Studies indicate 
that MM combined with HE can enhance pain reduction 
compared with exercise alone.39 However, other findings 
suggest no significant difference between MM and super-
vised physical exercise, implying comparable efficacy.40 
One study also shows no superior pain reduction from 
MM compared with UC.43

These findings align with existing literature, indicating 
modest short-term pain and functional improvements.

Chronic pain in older adults is often linked to symp-
toms like dizziness and fear of falling. Some research 
suggests chiropractic care may help, with extended-care 
patients experiencing sustained pain and disability reduc-
tion.41 However, dizziness due to vestibular or neurolog-
ical issues is unlikely to benefit, while dizziness linked to 
postural hypotension or polypharmacy may improve with 
MM. No significant differences in fall risk were noted 
between treatment and sham groups.42 The therapeutic 
effects of MM are likely mediated by neurophysiological 
mechanisms on pain and disability.52 53 Ageing alters pain 
perception due to weakened descending inhibition, fibre 
degeneration and neurotransmitter declines. MM modu-
lates pain at the spinal level, regulates descending circuits, 
releases analgesic neurotransmitters and reduces inflam-
mation, explaining its efficacy in treating musculoskel-
etal pain. Additionally, MM may influence sensorimotor 
integration, spinal excitability and autonomic function, 
contributing to its therapeutic effects.54–58

Beyond pain relief, MM enhances functionality by 
improving motor control, reducing peripheral sensiti-
sation and promoting proprioception. It also induces 
biochemical and psychological benefits, such as endor-
phin release, inflammation reduction, sleep improve-
ment and reduced fear of movement.59–64 These effects 
make MM a valuable approach to maintain independence 
in older adults.

Quality of life extends beyond pain management and 
is influenced by mobility, emotional well-being and sleep. 
By regulating the central nervous system, reducing stress 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

O
sp

ed
aliero

-U
n

iversitariap
o

liclin
ico

s. O
rso

la- M
alp

ig
h

i
at A

zien
d

a
 

o
n

 Ju
ly 25, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 Ju

n
e 2025. 

10.1136/b
m

jo
p

en
-2024-088655 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://dx.doi.org/10.1136/bmjopen-2024-088655
http://bmjopen.bmj.com/


14 Bagagiolo D, et al. BMJ Open 2025;15:e088655. doi:10.1136/bmjopen-2024-088655

Open access�

Table 3  Results of effect estimate for primary studies

First 
author, 
year
Country

Statistical method
Mean difference (IV, fixed, 95% CI)
Effect estimate - p value
MCID

ConclusionsComparison - main outcomes MCID
MCID 
reached?

Neck pain

Maiers, 
201439

USA

SMT+HE vs HE SMT with home exercise 
resulted in greater decreases 
in pain after 12 weeks of 
treatment compared with 
both the supervised plus 
home exercise and the home 
exercise–alone groups. 
Supervised exercise sessions 
appear to add little to home 
exercise alone. There were no 
long-term differences in pain 
between groups.

Neck pain (NRS)

At 12 weeks end of intervention −0.90 (−1.46 to –0.34) p=0.002 3.1 No

At 26 weeks follow-up −0.40 (−1.01 to 0.21) p=0.20 2.5 No

At 52 weeks follow-up −0.10 (−0.72 to 0.52) p=0.75 2.5 No

Functionality (NDI)

At 12 weeks end of intervention −2.50 (−5.76 to 0.76) p=0.13 5.5 No

At 26 weeks follow-up −2.90 (−6.51 to 0.71) p=0.12 5.5 No

At 52 weeks follow-up −2.50 (−6.21 to 1.21) p=0.19 5.5 No

Quality of life (SF-36)

Physical component

At 12 weeks end of intervention −1.70 (−0.76 to 4.16) p=0.18 5.1 No

At 26 weeks follow-up −1.70 (−0.90 to 4.30) p=0.20 5.1 No

At 52 weeks follow-up −1.10 (−1.74 to 3.94) p=0.45 5.1 No

Mental component

At 12 weeks end of intervention −0.30 (−2.79 to 2.19) p=0.81 4.0 No

At 26 weeks follow-up 0.80 (−1.83 to 3.43) p=0.55 4.0 No

At 52 weeks follow-up 0.30 (−2.28 to 2.88) p=0.82 4.0 No

SMT+HE vs SRE+HE

Neck pain (NRS)

At 12 weeks end of intervention −0.40 (−0.96 to –0.16) p=0.16 3.1 No

At 26 weeks follow-up −0.30 (−0.90 to 0.30) p=0.33 2.5 No

At 52 weeks follow-up −0.10 (−0.49 to 0.69) p=0.74 2.5 No

Functionality (NDI)

At 12 weeks end of intervention −0.30 (−3.10 to 2.50) p=0.83 5.5 No

At 26 weeks follow-up −2.30 (−5.80 to 1.20) p=0.20 5.5 No

At 52 weeks follow-up −0.80 (−4.30 to 2.70) p=0.65 5.5 No

Quality of life (SF-36)

Physical component

At 12 weeks end of intervention −0.40 (−1.98 to 2.78) p=0.74 5.1 No

At 26 weeks follow-up −0.70 (−1.82 to 3.22) p=0.59 5.1 No

At 52 weeks follow-up 0.80 (−1.97 to 3.57) p=0.57 5.1 No
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First 
author, 
year
Country

Statistical method
Mean difference (IV, fixed, 95% CI)
Effect estimate - p value
MCID

ConclusionsComparison - main outcomes MCID
MCID 
reached?

Mental component

At 12 weeks end of intervention −0.80 (−3.36 to 1.76) p=0.54 4.0 No

At 26 weeks follow-up 0.90 (−1.70 to 3.50) p=0.50 4.0 No

At 52 weeks follow-up 0.40 (−3.06 to 2.26) p=0.77 4.0 No

Kendall, 
201842

Australia

CI vs SI Recruitment of participants 
in this setting was difficult 
and expensive. However, a 
larger trial may be feasible at 
a specialised dizziness clinic 
within a rehabilitation setting. 
Compliance was acceptable 
and the outcome measures 
used were well accepted and 
responsive.

Joint pain (NRS)
Follow-up (1-week post intervention) −0.38 (−2.49 to 1.73) 
p=0.72

3.1 No

Neck pain (NRS)
Follow-up (1-week post intervention) −0.85 (−2.78 to 1.08) 
p=0.39

3.1
5.5

No
No

Functionality (NDI)
Follow-up (1-week post intervention) −3.73 (−11.78 to 4.32) 
p=0.36

Quality of life (SF-12)*

Physical component
Follow-up (1-week post intervention) 3.78 (−5.07 to 12.63) 
p=0.40

3.3 No†

Mental component
Follow-up (1-week post intervention) 2.92 (−4.68 to 10.52) 
p=0.45

3.8 No

Low back 
pain

Dougherty, 
201443

USA

SMT vs DU The SMT did not result in 
greater improvement in pain 
when compared with our 
sham intervention.
SMT did demonstrate a 
slightly greater improvement 
in disability at 12 weeks. The 
fact that patients in both 
groups showed improvements 
suggests the presence of a 
nonspecific therapeutic effect.

Pain (VAS)

5 weeks follow-up −2.48 (−9.87 to 4.91) p=0.51 3.1 No

12 weeks follow-up −2.22 (−9.96 to 5.52) p=0.57 3.1 No

Functionality (ODI)

5 weeks follow-up −0.90 (−5.41 to 3.61) p=0.70 8.0 No

Table 3  Continued
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First 
author, 
year
Country

Statistical method
Mean difference (IV, fixed, 95% CI)
Effect estimate - p value
MCID

ConclusionsComparison - main outcomes MCID
MCID 
reached?

12 weeks follow-up −4.10 (−8.82 to 0.62) p=0.09 8.0 No

Quality of life (SF-36)

Physical component

5 weeks follow-up 0.01 (−0.15 to 0.17) p=0.90 5.0 No

12 weeks follow-up −0.01 (−0.18 to 0.16) p=0.91 5.0 No

Schulz, 
201940

USA

SMT+HEP vs HEP Adding spinal manipulation 
or supervised rehabilitative 
exercise to home exercise 
alone does not appear to 
improve pain or disability in 
the short- or long-term for 
older adults with chronic low 
back pain, but did enhance 
satisfaction with care.

Pain (VAS)

At 12 weeks (end of intervention) −0.79 (−1.39 to –0.19) 
p=0.010

3.1 No

At 26 weeks follow-up 0.12 (−0.49 to 0.73) p=0.70 2.5 No

At 52 weeks follow-up 0.13 (−0.46 to 0.72) p=0.67 2.5 No

Functionality (MRS)

At 12 weeks (end of intervention) −0.10 (−5.46 to 5.26) p=0.97 NA‡ NR

At 26 weeks follow-up −4.80 (−10.09 to 0.49) p=0.08 NA‡ NR

At 52 weeks follow-up 1.40 (−5.97 to 8.88) p=0.71 NA‡ NR

Quality of life (SF-36)

Physical component

At 12 weeks (end of intervention) 0.50 (−1.38 to 2.38) p=0.60 5.0 No

At 26 weeks follow-up −0.30 (−2.25 to 1.65) p=0.76 5.0 No

At 52 weeks follow-up −1.50 (−3.45 to 0.45) p=0.13 5.0 No

Mental component

At 12 weeks (end of intervention) 0.10 (−1.71 to 1.91) p=0.91 3.6 No

At 26 weeks follow-up 1.70 (−0.18 to 3.58) p=0.08 3.6 No

At 52 weeks follow-up −0.80 (−2.61 to 1.01) p=0.39 3.6 No

SMT+HEP vs SEP+HEP

Pain (VAS)

At 12 weeks (end of intervention) −0.40 (−0.99 to 0.19) p=0.18 3.1 No

At 26 weeks follow-up −0.06 (−0.54 to 0.66) p=0.84 2.5 No

At 52 weeks follow-up −0.13 (−0.72 to 0.46) p=0.67 2.5 No

Functionality (MRS)

At 12 weeks (end of intervention) 4.60 (−0.69 to 9.89) p=0.09 NA‡ NR

At 26 weeks follow-up −1.10 (−6.46 to 4.26) p=0.69 NA‡ NR

At 52 weeks follow-up 0.90 (−4.46 to 6.26) p=0.74 NA‡ NR

Quality of life (SF-36)

Physical component

Table 3  Continued
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and enhancing mood, MM may contribute to improving 
overall health outcomes, though individual responses 
vary.

This review highlights a critical gap in high-quality 
research about the effects of MM on quality of life, pain, 
function and safety in older adults. Despite limitations, 
integrating MM with therapeutic exercise appears prom-
ising, showing potential for pain reduction and improved 
lumbar function.65

The most critical methodological issues identified using 
the RoB 2 tool include: in Kendall et al42 a discrepancy 
between the statistical analysis and the study protocol, 
in Hawk et al41 a lack of transparency, as no protocol was 
mentioned, and the results section did not follow the 
Consolidated Standards of Reporting Trials statement66 
or its earlier version, which recommends reporting the 
estimated effect size and its precision67 and in Dougherty 

et al43 a misinterpretation of placebo/sham interven-
tion.68 They used DU as a sham comparator for spinal 
manipulation, which, although appearing inert, did not 
match the active treatment, compromising blinding. A 
significant discrepancy was also noted between our risk 
of bias assessment and that of previous reviews. In Hawk 
et al’s systematic review,28 Dougherty et al43 was rated as 
a high-quality study, whereas our assessment raised some 
concerns. This difference may stem from Hawk’s use of 
the 2011 Cochrane RoB tool,69 whereas we applied the 
more recent RoB 2.30 Methodological concerns remain, 
particularly regarding risk of bias. Issues include statis-
tical discrepancies, lack of study protocol transparency 
and misinterpretation of placebo/sham interventions. 
Differences in bias assessments across reviews likely stem 
from variations in risk assessment tools, with newer meth-
odologies revealing lower study quality ratings. To date, 

First 
author, 
year
Country

Statistical method
Mean difference (IV, fixed, 95% CI)
Effect estimate - p value
MCID

ConclusionsComparison - main outcomes MCID
MCID 
reached?

At 12 weeks (end of intervention) −0.80 (−2.61 to 1.01) p=0.39 5.0 No

At 26 weeks follow-up −1.30 (−3.18 to 0.58) p=0.18 5.0 No

At 52 weeks follow-up −1.70 (−3.65 to 0.25) p=0.09 5.0 No

Mental component

At 12 weeks (end of intervention) 0.50 (−1.31 to 2.31) p=0.59 3.6 No

At 26 weeks follow-up 1.30 (−0.58 to 3.18) p=0.18 3.6 No

At 52 weeks follow-up −1.70 (−3.51 to 0.11) p=0.07 3.6 No

Chronic 
pain

Hawk, 
200941

USA

Pain (PDI)
At 52 weeks p=0.06
Balance (BBS)
At 52 weeks p>0.05

NR§ No difference in outcomes 
between patients treated 
with HVLA and modified 
force techniques, no adverse 
events associated with either 
treatment approach. The 
group on the extended care 
schedule, pain and disability 
decreased and remained 
at a lower level than for the 
limited care schedule, for the 
follow-up. The decrease in 
dizziness over time with both 
chiropractic care schedules.

*MCID for SF-12 was considered for chronic low back pain.
†No statistically significant difference in CI versus SI.
‡MCID was not reported for MRS.
§MCID could not be reported due to lack of data.
BBS, Berg Balance Scale; CI, chiropractic intervention; DU, detuned ultrasound; HE, home exercise; HEP, home exercise programme; HVLA, 
high velocity low-amplitude; LBP, low back pain; MCID, minimum clinically important difference; MRS, 23-item Modified Roland Scale; NA, 
not applicable; NDI, Neck Disability Index; NR, not reported; NRS, Numerical Rating Scale; ODI, Oswestry Disability Index; PDI, Pain Disability 
Index; SEP, supervised exercise programme; SF-12, Short Form 12-item Health Survey; SF-36, Short Form 36-item Health Survey; SI, sham 
intervention; SMT, spinal manipulative treatment; SRE, supervised rehabilitative exercise; VAS, Visual Analogue Scale.

Table 3  Continued
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no study in this field has achieved a high methodological 
quality rating.

Given the relatively low risk of AEs of MM, it may serve 
as a complementary therapy to reduce medication use, 
enhance functionality and improve quality of life. Addi-
tionally, MM may aid in managing anxiety, depression, 
fatigue and sleep quality, serving as a preventive tool in 
elderly care. This is particularly important considering 
the potential adverse effects and hospitalisations associ-
ated with pharmacological treatments.70

However, a standardised dosage is not advisable. 
Instead, a tailored and careful approach is crucial. Expe-
rienced practitioners are essential to adapt techniques 
to individual needs, maximising safety and treatment 
efficacy. Moreover, the prevalence of comorbidities in 
this population, often linked to musculoskeletal disor-
ders, requires personalised treatment strategies, making 
a uniform approach difficult.71 Instead, MM should be 
tailored to each patient’s needs, with experienced practi-
tioners ensuring safety and effectiveness.

MM in the elderly is indicated in several conditions and 
in particular in skeletal muscle pain, joint and mobility 
problems, postural disorders and spinal column, after 
hospitalisation, in the prevention of falls and balance 
disorders, stress and quality of life.

The studies collectively suggest that MMs are generally 
associated with mild and transient AEs, such as soreness 
and symptom aggravation, which are expected reactions 
to these therapies. However, the occurrence of serious 
AEs, as seen in Schulz et al40 and Maiers et al,39 under-
scores the importance of individualised treatment plan-
ning and vigilance, particularly for elderly patients with 
complex health profiles. Authors such as Hawk et al41 and 
Kendall et al42 demonstrate that careful application and 
patient monitoring can minimise risks, while Dougherty 
et al43 and Maiers et al39 emphasise the need to balance 
therapeutic benefits with the possibility of temporary 
discomfort or serious events. Schulz et al’s40 findings, 
in particular, highlight the need for a multidisciplinary 
approach in the management of elderly patients, consid-
ering their susceptibility to non-treatment-related adverse 
health outcomes.

The main ‘red flags’ of the MM on the elderly are the 
risks of fractures or severe osteoporosis, cardiovascular 
diseases such as uncontrolled hypertension or acute 
conditions or cardiovascular risk or embolic risks such as 
deep vein thrombosis, acute neurological problems such 
as previous stroke, peripheral neuropathy, severe cervical 
spondylosis or spinal stenosis, inflammatory diseases such 
as active rheumatoid arthritis or bone infections, bone 
tumours or metastases, ligamentous or tendon lesions 
and acute vestibular or balance disorders.

One of the main challenges in studying AEs is the 
absence of standardised definitions for manual therapies 
in the literature, making it difficult to precisely identify 
the specific intervention used. Additionally, minor AEs 
may often go unreported, as clinicians might underesti-
mate their significance.72 73

To ensure safety in the elderly, MMs should be 
performed with great care and caution, carefully consid-
ering the patient’s clinical condition. It is essential that 
the practitioner performing the manipulation takes 
into account all risk factors, customising treatment and 
closely monitoring the patient’s response. Collaboration 
between healthcare professionals is crucial to maximise 
benefits and reduce risks.

Limitations
Some limitations can be found in our systematic review. 
First, the decision to include only some MM therapies. 
Specifically, we have decided to evaluate the benefit and 
safety of manipulative therapy such as osteopathy, chiro-
practic, myofascial release and craniosacral therapy. We 
excluded all the mind-body therapies (ie, meditation, 
yoga, tai chi), biological-based practice (ie, vitamins, 
dietary supplements, botanicals), ayurvedic medicine, 
traditional Chinese medicine (acupuncture) and natu-
ropathic medicine. This decision may have an impact in 
terms of investigating the overall effect of the complemen-
tary therapies and especially which one is more beneficial 
for musculoskeletal problems in elderly people. Second, 
our search strategy did not consider the grey literature, 
which could have led to the exclusion of some unpub-
lished studies. Thus, we doubt any missed articles would 
have a major impact on our results.

Furthermore, due to the heterogeneity of population, 
outcomes measures and some relevant aspects of trial 
quality, pooling data was neither possible nor appropriate.

Nevertheless, despite improvements in study quality 
over the past decade, the studies included in this review 
were deemed to meet only the minimum requirements. 
This represents an important limitation, as three studies 
were classified as having an overall high risk of bias,40–42 
while only two studies were assessed as having some 
concerns.39 43 Overall, the heterogeneity and varying 
methodological quality of the studies may limit the 
strength of the conclusions that can be drawn from these 
data.

Another limitation was not investigating the cost of 
illness of these musculoskeletal disorders. The economic 
burden of these conditions is enormous, second only to 
those of cardiovascular illness.48 The presence of comor-
bidities in the elderly makes the management of these 
conditions difficult and more challenging. As most muscu-
loskeletal problems remain fairly common in the elderly 
population, there will be a further need for healthcare 
professionals, especially for manual practitioners, to deal 
with these chronic disorders.

Conclusion
In terms of MM, chiropractic therapy and manipulative 
therapy have been more investigated compared with 
osteopathy, especially in recent years. In conclusion, our 
systematic review highlights the need for further investi-
gation into complementary therapies, particularly oste-
opathy, for chronic pain management and prevention in 
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elderly individuals. The results of the current work empha-
sise that there is a need to further investigate this topic 
and move the focus more on the promotion of healthy 
and management behaviours (eg, more physical activity, 
self-efficacy and adaptive coping, less healthcare utilisa-
tion, medication use) and less on the pain symptoms.

The fundamental need for complementary medicine, 
and in particular MM such as chiropractic care and 
osteopathic manipulative treatment, is the development 
of clinical trials and RCTs to assess efficacy on quality of 
life, pain, functionality and general health of the elderly 
patient. These will help us to determine where MM can 
be significant.
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